Purpose: More than 1 million patients annually seek care in an emergency department for kidney stones but a minority require hospital admission or a urological procedure. We describe predictors of hospital admission or urological intervention. Materials and Methods: This secondary analysis of prospective data included patients with an obstructing ureteral stone that was confirmed by computerized tomography in an emergency department. All patients also underwent point of care limited renal ultrasound. The need for urological intervention at 90 days was assessed by a followup interview. Logistic regression was used to identify predictors of admission and urological intervention, which were further stratified by disposition. Separate regression models with and without computerized tomography findings (point of care limited renal ultrasound only) were compared using c-statistics. Results: Among a cohort of 475 patients with a symptomatic stone on computerized tomography 95 (20%) were admitted and 68 (72%) received an intervention. Of 380 discharged patients 66 (17%) required urological intervention. Admitted patients were more likely to have undergone a prior procedure, have evidence of kidney injury or infection, need opiate analgesia or have larger stones or hydronephrosis on point of care limited renal ultrasound. Predictors of intervention varied by disposition. However, regression models with and without computerized tomography findings demonstrated similar c-statistics. Discharged patients with larger stones, a longer pain duration at presentation and prior procedures were more likely to undergo intervention. Conclusions: Intervention was common among admitted patients but it occurred in a minority of those discharged. Predictors of intervention varied by disposition. Models incorporating computerized tomography findings were similar to those that did not incorporate such findings. These data support ultrasound first or delayed computerized tomography diagnostic pathways for patients deemed clinically suitable for discharge home.
UROLITHIASIS is a common disease, afflicting approximately 1 of 11 persons in the United States. 1 The prevalence of this disease is increasing as well as visits to the emergency department for pain associated with urolithiasis. 2 Urological intervention is mandatory for an obstructing stone with infection. 3, 4 In the uninfected patient most renal calculi pass spontaneously and current consensus guidelines recommend conservative initial management in patients with stones less than 10 mm and adequate pain control. 5, 6 Despite the guidelines significant variation exists in admission and intervention patterns. 7, 8 Predictors of hospital admission and/or the subsequent need for urological intervention in patients presenting with acute renal colic are not well defined. Prior studies on this topic have proposed numerous clinical, laboratory or radiological variables as predictors but have been limited by small sample sizes, retrospective design or failed validation. 9e14 As a recent randomized, controlled trial demonstrated the noninferiority of an ultrasound first pathway to diagnose renal colic in the ED, 15 the ability to predict the need for future intervention could help clinicians determine which patients are more likely to benefit from immediate CT. Additionally, the ACEP (American College of Emergency PhysiciansÒ) Choosing WiselyÒ campaign recommends avoiding CT in young patients with a history of renal colic since they are at high risk for significant lifetime radiation exposure. 16 Taken together, a better understanding of which patients are likely to need admission and urological intervention could guide efforts to decrease the radiation burden in this population.
The objective of the current study was to identify clinical predictors of admission and urological intervention. We hypothesized that prediction models for urological intervention would differ based on whether patients were admitted from the ED because patients admitted for kidney stones are usually clinically distinguishable from those who are discharged home. Thus, in the process of building regression models we stratified our models by patient disposition. Finally, in light of recent evidence suggesting the noninferiority of renal ultrasound compared to CT, 15 we a priori derived and compared models including and excluding CT results and instead used the presence of hydronephrosis on renal ultrasound.
MATERIALS AND METHODS
We used data from a prospective, observational study done to determine predictors of a ureteral stone on CT. 17 Patients were enrolled at 2 centers, including Yale-New Haven Hospital, an urban, academic, level I trauma center and teaching hospital, or Shoreline Medical Center, a freestanding suburban ED. Eligible patients were 18 years old or older who presented to the emergency department between May 2011 and February 2013, and underwent unenhanced abdominopelvic CT for suspected renal colic. Patients were excluded from analysis if they were pregnant, currently incarcerated or in police custody, or English was not the primary language. The Yale Institutional Review Board Human Investigation Committee approved this study and written informed consent was obtained from all enrolled patients. This study was registered at www.clinicaltrials.gov (NCT01352676).
The methods of this study were described previously. 17 Briefly, trained RAs enrolled consecutive patients undergoing unenhanced CT for suspected renal colic. The protocol included renal PLUS, which was performed and interpreted by an emergency clinician (resident or attending physician) prior to the patient undergoing CT. RAs recorded provider interpretations of renal PLUS, including the presence and degree of hydronephrosis (none, mild, moderate or severe). CT results, including the presence, size and location of any stones, the presence and degree of hydronephrosis (none, mild, moderate or severe) and the presence of perinephric stranding, were abstracted from dictated attending radiologist reports after the visit by RAs blinded to clinical variables and patient outcomes. The primary study outcomes were the need for 1) hospital admission during the index ED visit and 2) urological intervention within 90 days of the index visit in patients with a CT confirmed, symptomatic ureteral stone. A symptomatic stone was considered present on nonenhanced CT if it was located in the collecting system from the renal pelvis to the ureterovesicular junction on the same side as the presenting pain in the patient based on the dictated CT report. Parenchymal and bladder stones were noted but not considered symptomatic in this analysis. CT reports explicitly stating "signs of a passed stone" were analyzed as the patient having had a symptomatic stone.
All patients enrolled in this study underwent a CT scan and an ultrasound. However, all other treatment, including the administration of analgesics, hydration or antibiotics; urological consultation or intervention; and the decision to admit or discharge were left to the discretion of the treating physicians.
Urological intervention was determined at a 90-day followup interview. Patients were asked whether they had undergone any procedures since ED discharge, including lithotripsy, ureteral stenting or surgical stone removal. Enrolled patients were initially called by RAs at 90 days to determine whether urological intervention was performed after discharge. If patients were not reached on the initial call, a followup telephone call and followup letter were sent to the patient home address. For patients unable to be reached by the initial call, followup call or letter a chart review was performed to assess for urological intervention. Patients who could not be contacted or had no subsequent visits in the chart after the index visit were considered lost to followup. RAs who performed followup interviews and chart extractions to determine the need for urological intervention were blinded to the clinical data and potential predictor variables collected during the index ED visit.
Descriptive statistics were calculated using proportions for categorical variables and medians with IQRs for continuous data. We performed descriptive data analysis, literature review and author consensus to select candidate predictor variables for hospital admission and urological intervention.
ORs with the associated 95% CIs and p values were calculated by the Fisher exact method. Dichotomous variables were created for abnormal serum white blood cell count (greater than 11.0 Â 10 9 /l) and serum creatinine (greater than 1.5 mg/dl). Two variables were created for the presence of hydronephrosis on renal PLUS or CT, including 1) any hydronephrosis (mild, moderate or severe vs none) and 2) moderate or greater hydronephrosis (moderate or severe vs none or mild).
Two nominal logistic regression models were used to examine predictors independently associated with hospital admission from the ED. They were constructed to include all candidate variables. Model 1 included CT and renal PLUS findings. Model 2 excluded CT findings and included only emergency provider performed renal PLUS assessment for the presence and degree of hydronephrosis. Next we constructed 2 nominal logistic regression models to assess for predictors independently associated with urological intervention. Model 3 included CT findings while model 4 included only renal PLUS results. Finally, models 3 and 4 were stratified by disposition (admission or discharge).
For all models collinearity was assessed by calculating variance inflation factors and variable tolerance. No variable had a tolerance less than 0.1 or a variance inflation factor greater than 10. Therefore, all variables were retained in the model. Significance testing was done at the a ¼ 0.05 level. Goodness of fit was assessed by the Akaike information criterion and the Hosmer-Lemeshow test. The c-statistic or ROC AUC was calculated and used to compare various models. Data analyses were performed with JMPÒ Pro, version 12.0.
RESULTS
We enrolled 960 patients who underwent a noncontrast CT of the abdomen and pelvis for suspected renal colic, of whom 892 (93%) completed followup. A CT confirmed symptomatic ureteral stone was identified in 475 patients (53%) (table 1). Of the 475 patients diagnosed with renal colic 95 (20%) were admitted from the ED, including 3 taken directly to the operating room for a procedure. One or more urological interventions were performed in 134 of the 475 cases (28%) within 90 days of the index visit (see figure) . Stent placement was the most common procedure, done in 98 of 134 patients (73%), followed by lithotripsy in 71 (53%) and surgical stone removal in 48 (36%). Table 2 lists the characteristics associated with hospital admission. In the adjusted model patients with stones greater than 5 mm on CT were more likely to be admitted, as were those with a history of a prior urological procedure and administration of opiate analgesia or antibiotics in the ED. Predictors of admission were similar if CT findings were not included the model. In the PLUS only model moderate or greater hydronephrosis was associated with increased odds of admission. AUCs of models predicting admission with and without CT findings were similar at 0.871 and 0.842, respectively.
Hospital Admission

Urological Intervention
Multivariable predictors of urological intervention included history and physical examination findings (CVA tenderness, longer pain duration and a prior urological procedure) as well as imaging findings (a large or proximal stone) and administration of opiates or antibiotics in the ED (table 3). In the PLUS only model significant predictors of urological intervention were again similar, although moderate or greater hydronephrosis on renal PLUS was also significantly associated. In models with and without CT findings the AUC was 0.887 and 0.804, respectively.
Urological Intervention by Disposition
Admitted patients were more likely to receive a urological intervention (71.6% vs 17.4%, OR 12, 95% CI 7.1e20). They represented 68 of all 134 interventions or about half of the total cohort.
The previous regression models were subsequently stratified by disposition. For admitted patients a history of urological procedures, CVA tenderness, UTI evidence, larger and more proximal stones, and hydronephrosis on renal PLUS were associated with the need for intervention (table 4) . When excluding CT results from the model, only a urological procedure history remained significant. For discharged patients a prior procedure, CVA tenderness and larger stones were associated with a subsequent procedure if CT findings were included (table 4) . When only renal PLUS findings were used, a history of urological procedure and a longer pain duration at presentation were predictive of the need for intervention. Notably 58 of 380 discharged patients (15.3%) had a stone larger than 5 mm and intervention was done in 36 (62.1%) of these patients.
DISCUSSION
Using prospective data from emergency department patients with CT confirmed symptomatic ureteral stones we report factors associated with hospital admission and urological intervention. Similar to prior studies, approximately 20% of patients were admitted. 7 Guidelines for admitting patients with renal colic have not been well elucidated, although expert opinion recommends admission for stone emergencies such as coexistent obstructing stone and renal failure or evidence of UTI or uncontrolled pain. 7, 18 Our results reflect these recommendations since markers of kidney injury, infection, antibiotic use and intravenous opiate analgesia remained significant in regression models. It is worth noting that the regression models had similar c-statistics whether or not CT findings such as stone size were included. The presence of moderate or greater hydronephrosis on renal PLUS was significant in the model without CT findings. This suggests that the combination of clinical findings and US may be useful for determining the need for admission and urological consultation.
Prospective enrollment process of patients with suspected renal colic in ED undergoing abdominopelvic noncontrast CT flank pain protocol (FPP). Asterisk indicates patients may have received more than 1 type of urological intervention.
Although stone size was the strongest predictor of intervention, models substituting hydronephrosis on renal PLUS for CT findings showed similar accuracy, as estimated by the c-statistic (0.887 vs 0.804). This suggests that immediate CT may offer little additional information with respect to the need for urological intervention compared to US. These results are in line with a recent randomized, controlled trial of CT vs renal US in ED patients. 15 That trial demonstrated that US was noninferior, although the need for admission or urological intervention was not addressed in that study.
In our analysis clinical factors such as pain duration, prior urological procedures, CVA tenderness on examination and the administration of analgesics and antibiotics were independently associated with subsequent intervention in each model. Further research is needed to confirm whether such factors can be used to identify subsets of ED patients with ureteral colic who would most benefit from immediate CT and which patients would be more suitable for delayed CT for persistent symptoms after a trial of spontaneous passage.
Urological intervention was performed in 3 of 4 admitted patients, accounting for approximately half of all interventions in our study. In analyses stratified by disposition the predictors of intervention differed. Among discharged patients urological procedure history, CVA tenderness and a large stone were associated with subsequent intervention. When CT findings were excluded, procedure history and pain duration at presentation remained significant. Emergency providers should exercise caution when discharging patients with these characteristics without sufficiently characterizing the degree of obstruction or urological consultation, as appropriate.
Our study, which was done at a single academic center, has several limitations. Patient treatment, including administration of antibiotics, type and route of pain medications, and disposition decisions, varies considerably among emergency providers. Similarly the reasons for intervention in nonemergent cases may reflect several factors that were not captured in our study, such as prior treatment by a given urologist, practice variation among urologists and patient preferences. All patients underwent renal ultrasound and CT, and providers were aware of CT findings when making management decisions.
As larger stones are generally known to be associated with a lower likelihood of spontaneous passage, 9 it is unknown whether study patients known to have larger stones received an adequate trial of spontaneous passage. Previous studies have shown significant variation in inpatient urological procedures based on patient insurance status, race, presentation day and number of urologists operating at a hospital. 7, 19, 20 As such, the generalizability of our results to regions and institutions with different health systems or practice patterns is limited.
Additionally, we did not consider the availability of low dose CT, which alters the risk-benefit relationship of CT, and did not address the issue of operator variability in US performance. Also, while admission was strongly associated with intervention, it may simply be that interventions were planned during admission for convenience rather than admitting a patient because an intervention was needed. Lastly, the use of medical expulsive therapy was left to the discretion of the treating physician, which may have affected the procedure rate.
CONCLUSIONS
Urological intervention was common among admitted patients and much less common among discharged patients. In patients with renal colic whom providers intend to discharge without CT a longer pain duration at presentation and a prior urological procedure history may warrant further imaging or closer followup. Our data suggest that factors associated with urological intervention differ for admitted and discharged patients, and future research should consider study designs stratifying by disposition. Similarly the high rate of intervention in admitted patients suggests that the clinical factors that lead to admission may also have a role in determining which patients benefit from CT. Because discharged patients had a low rate of intervention compared to those who were admitted, these patients may be more appropriate for an ultrasound first or a delayed CT diagnostic algorithm.
